Background: Despite impressive improvements in maternal survival throughout the world, rates of antepartum complications remain high. These conditions also contribute to high rates of perinatal deaths, which include stillbirths and early neonatal deaths, but the extent is not well studied. This study examines patterns of antepartum complications and the risk of perinatal deaths associated with such complications in rural Bangladesh. Methods: We used data on self-reported antepartum complications during the last pregnancy and corresponding pregnancy outcomes from a household survey (N = 6,285 women) conducted in Sylhet district, Bangladesh in 2006. We created three binary outcome variables (stillbirths, early neonatal deaths, and perinatal deaths) and three binary exposure variables indicating antepartum complications, which were antepartum hemorrhage (APH), probable infection (PI), and probable pregnancy-induced hypertension (PIH). We then examined patterns of antepartum complications and calculated incidence rate ratios (IRR) to estimate the associated risks of perinatal mortality using Poisson regression analyses. We calculated population attributable fraction (PAF) for the three antepartum complications to estimate potential risk reductions of perinatal mortality associated them. Results: We identified 356 perinatal deaths (195 stillbirths and 161 early neonatal deaths). The highest risk of perinatal death was associated with APH (IRR = 3.5, 95% CI: 2.4-4.9 for perinatal deaths; IRR = 3.7, 95% CI 2.3-5.9 for stillbirths; IRR = 3.5, 95% CI 2.0-6.1 for early neonatal deaths). Pregnancy-induced hypertension was a significant risk factor for stillbirths (IRR = 1.8, 95% CI 1.3-2.5), while PI was a significant risk factor for early neonatal deaths (IRR = 1.5, 95% CI 1.1-2.2). Population attributable fraction of APH and PIH were 6.8% and 10.4% for perinatal mortality and 7.5% and 14. 7% for stillbirths respectively. Population attributable fraction of early neonatal mortality due to APH was 6.2% and for PI was 7.8%. Conclusions: Identifying antepartum complications and ensuring access to adequate care for those complications are one of the key strategies in reducing perinatal mortality in settings where most deliveries occur at home.
Background
Each year, an estimated 2.9 million babies die during the neonatal period [1] and another 2.6 million babies are stillborn [2] around the world. About three-fourths of the neonatal deaths occur within the first week of life [3, 4] . In developing countries, about two-thirds of stillbirths occur before the onset of labor [5] and one third during labor [2, 5] . Almost all perinatal deaths, which encompass neonatal deaths in the first week of life and stillbirths, occur in the developing world [2, 5] . The main causes of neonatal deaths include preterm related complications, intrapartum-related complications, and infections [1, 4, 6] . Impaired placental function is the main causal pathway proposed for stillbirths [2] . The primary known risk factors of stillbirths are presence of hypertensive disorders during pregnancy, obstetric complications, infections, placental dysfunction, and congenital defects [7] [8] [9] . Notably, many of these risk factors are also determinants of the main causes of neonatal deaths [4, 5] .
Thus, a substantial proportion of perinatal deaths appear to have their origins in maternal complications during pregnancy. The most common complications are hemorrhage, hypertensive disorders of pregnancy, and infections [6, [10] [11] [12] [13] . Antepartum hemorrhage beyond the first trimester is most often caused by placental abnormalities or incompetent cervix, and can result in stillbirth [6] and maternal death [10, 11] . The leading cause of hemorrhage during pregnancy is placental abruption which occurs in 1% of pregnancies and is associated with a perinatal case fatality of 10-30% [14] . Up-to 10% of women experience hypertensive disorders of pregnancy [15] and this condition can be associated with stillbirths, preterm birth, and neonatal or maternal deaths [15, 16] . Maternal infections such as malaria, syphilis, urinary tract infection, and bacterial vaginosis are also important causes of stillbirths [17] [18] [19] and important determinants of early neonatal deaths. Early onset neonatal infections may be acquired vertically during pregnancy or during delivery [20, 21] .
In developing countries, where health systems are weak and care-seeking from health facilities is low, pregnant women often do not receive basic preventive and curative care when complications arise, or may delay care seeking [22] -such practices can result in stillbirths or neonatal deaths [23] . Understanding the associations between prevalent maternal complications during pregnancy and perinatal deaths is critical to guiding the development of strategies and programs to deliver maternal interventions of proven efficacy. The objective of this analysis is to examine patterns of maternal complications during pregnancy and associated risks of perinatal deaths in rural Bangladesh using household survey data of women who had a recent birth.
Methods

Study population
This study uses data from an endline household survey conducted for a cluster-randomized, controlled trial of a package of preventive and curative maternal-neonatal health interventions. The trial was conducted in rural Sylhet district of Bangladesh, located in the northeastern part of the country. Details of the study population and design were presented elsewhere [24] . Briefly, the trial was conducted between 2003 and 2006 in three rural sub-districts of Sylhet district. Twenty four unions each with about 20,000 population were randomized into three study arms: home-care, community-care, and comparison [24] . At baseline, neonatal mortality rate was 48 per 1,000 live births in the study area compared to 42 per 1,000 live births in the country as a whole [25] , reflecting poorer socioeconomic status of the population as well as a poorer health systems compared to other parts of Bangladesh. Most health services are provided in the public sector including two community-based workers per population of 6,000-8,000; a first-level outpatient facility known as Union Health and Family Welfare Centers covering 20,000 population; and a subdistrict hospital with both inpatient and outpatient services serving a population of about 200,000. The closest emergency obstetric-care facility is outside the study area at the Medical College Hospital in Sylhet City, which is about 75 km from the study site.
Intervention
All married women of reproductive age (MWRA, age 15-49 years) were eligible to participate in the trial. The description of the intervention is presented in detail elsewhere [24] . Briefly, the home-care arm involved home visits by trained community health workers (CHWs) to promote a package of maternal and newborn care including home-based management of neonatal infection if referral to a hospital was not possible. CHWs, each serving about 700 married women of reproductive age (MWRA), identified pregnancies in their catchment area through routine 2-monthly household visits. Pregnant women were visited twice during pregnancy to promote birth and newborn care preparedness, including counseling and education on maternal and neonatal danger signs requiring treatment during pregnancy, delivery, and the postpartum period. CHWs also made 3 postnatal home visits on days 0, 2, and 6 of life to assess neonates and to identify and manage those with illnesses using an integrated management of childhood illness (IMCI) type clinical algorithms. The community-care arm received the same information through group education sessions [24] and the comparison arm received the standard care provided by outreach communitybased workers and health facilities of the Ministry of Health and Family Welfare in Bangladesh.
Data
The study included a baseline, three interim adequacy, and an endline household survey. The adequacy surveys were conducted in samples of households every 7-8 months between the baseline and endline surveys to assess the extent of intervention uptake. The endline survey was conducted in the entire study population and included a complete pregnancy history of all women of child bearing age. The pregnancy history involved enumeration of all pregnancies, pregnancy outcomes (miscarriage/abortion, stillbirths, and live births), survival status of all infants born alive on day 28, and age at death in days for those who died during the neonatal period. The endline survey also collected basic demographic and household wealth information from all women who had a pregnancy outcome in the three calendar years preceding the survey. To minimize recall error, data on knowledge and practices of maternal and new born care, selected key maternal complications, and intervention coverage data were collected from women who had a live or stillbirths between August and December 2005. To collect data on maternal complications during pregnancy, women were asked to report if they had: any vaginal bleeding but not spotting during antepartum period, fever, foul smelling vaginal discharge, convulsions, and swelling of feet or face during pregnancy [24, 26] . In this population many women were not literate. Data were collected by interviewers who made home visits and administered the questionnaire by interviewing women. The questionnaire was in local language.
Measurement
The three outcomes of interest for this analysis are stillbirths, early neonatal deaths, and perinatal deaths. Stillbirth was defined as birth of a dead fetus after 7 months (≥28 weeks) of pregnancy. Early neonatal deaths are deaths that occurred within the first 7 days of life. Perinatal death is a composite of stillbirths and early neonatal deaths. We created three binary exposure variables indicating maternal complications during antepartum period: antepartum hemorrhage (APH; i.e., reports of any vaginal bleeding but not spotting during antepartum period); probable infection (i.e., having had fever and/or foul smelling vaginal discharge); and probable pregnancy-induced hypertension (PIH; i.e., having had convulsion and/or swelling of the feet or face). We characterized the last two complications as "probable" considering that these were self-reported and not clinically validated.
We examined the background characteristics of the women, including age (<25 years, 25-29 years, 30-34 years, and ≥35 years), educational attainment (no education, primary complete, and above primary) of women and their husbands, and household wealth status. A household wealth index score was constructed based on data on household assets using principal component analysis [27] . The households were ranked based on the wealth index score and categorized into quintiles. The lowest and highest quintiles were classified as poor and rich, respectively, relative to the three middle quintiles.
Analysis
The unit of analysis was the woman. Of the 113,816 MWRA surveyed, 7,423 had a pregnancy outcome during the recall period and 6,731 completed the interview (Fig. 1) . Three hundred sixty-six women had a miscarriage and thus, our analytic sample included 6,285 women who had given a birth during the recall period. Unadjusted rates and 95% confidence intervals (CI) of stillbirths, early neonatal deaths, and perinatal deaths were calculated by maternal complications during pregnancy. Multivariate Poisson regression analyses were conducted to estimate incidence rate ratios (IRR) of having adverse perinatal outcomes (stillbirths, early neonatal deaths, and perinatal deaths) for women with the three maternal complications of interest compared to those without these complications, adjusting for covariates. We also estimated the population attributable fraction (PAF) of having stillbirths, early neonatal deaths, and perinatal deaths for the antepartum complications from Poisson regression. PAF were estimated only when there was a significantly (p < 0.05) higher risk of an adverse outcome in the adjusted Poisson regression analyses. The PAF estimates the proportion of an adverse outcome that would be reduced at the population level following elimination of a maternal complication of interest, assuming that the relationship is causal [28, 29] . A p-value <0.05 was considered statistically significant. All analyses were adjusted for the complex survey design using Taylor's linearization method. STATA 14 statistical software (Stata Corporation 2015, College Station, TX, USA) was used for all analyses.
Results
Of the 6,285 women, about a third (31.3%) of the women reported a symptom consistent with at least one of the three antepartum complications examined in this study (Table 1) . Approximately 6% of women reported a symptom consistent with two or more of the antepartum complications (data not shown). Socio-demographic characteristics of study participants are presented in Table 2 . The mean (±SD) age of women was 28.1 (±6.1) years. Large proportions of women (41.2%) and their husbands (46.2%) did not attend school. Higher proportions of women with or without a maternal complication sought antenatal care and delivered in a facility or with a skilled attendant, but these proportions were low in both groups.
Unadjusted rates and 95% CIs of adverse perinatal outcomes are presented in Table 3 . The rate of stillbirths was 31 per 1,000 births (95% CI 27.0-35.6), rate of early neonatal deaths was 26 per 1,000 live births (95% CI 22.7-30.8), and the overall perinatal deaths rate was 57 per 1,000 births (95% CI 51.2-62.6). Notably, the rate of perinatal deaths was almost five times higher for women with APH (202.4 per 1,000 births, 95% CI 148.3-269.9) compared to those who had none of the three maternal complications (44.5 per 1,000 births, 95% CI 38.7-51.1). Table 4 shows adjusted incidence rate ratios (IRR), corresponding 95% CIs, and PAF for adverse perinatal outcomes associated with each of the three maternal complications. Women who had experienced APH had a significantly higher likelihood of their fetus or neonate having an adverse outcome, either perinatal death (IRR = 3.5, 95% CI 2.4-4.9), stillbirth (IRR = 3.7, 95% CI 2.3-5.9), or early neonatal death (IRR = 3.5, 95% CI: 2.0-6.1) compared to those who did not experience APH. Probable PIH was a significant risk factor for perinatal deaths (IRR = 1.5, 95% CI: 1.2-1.9) primarily due to higher likelihood of having a stillbirth (IRR = 1.8, 95% CI 1.3-2.5). Probable maternal infection was a significant risk factor for early neonatal deaths (IRR = 1.5, 95% CI: 1.1-2.2).
The PAF of perinatal mortality was about 6.8% for APH and 10.4% for probable PIH, lower than corresponding stillbirth PAF of 7.5% for APH and 14.7% for probable PIH. PAF of early neonatal mortality risk was 6.2% for APH and about 7.8% for probable infection. The PAF of perinatal deaths, stillbirths and early neonatal deaths were 16.2, 20.7 and 13.1% for all three complications combined. 
Discussion
We studied prevalence of three self-reported antepartum complications in rural Bangladeshi women and examined the risks of perinatal mortality associated with them. The burden of at least one of the three complications examined in this study i.e., APH, probable infection, and probable PIH, based on self-reported symptoms, was high (31.3%) and these antepartum complications were significantly associated with perinatal deaths. More specifically, APH was associated with increased risk of both stillbirths and early neonatal deaths, probable infection was associated with increased risk of early neonatal deaths, and probable PIH with an increased risk of having a stillbirths.
Together with the high perinatal mortality and high PAF estimated for APH and PIH, these findings highlight the importance of promoting recognition of, care-seeking for, and management of antepartum complications. Our findings show similar higher risks of perinatal deaths associated with APH and probable PIH as reported earlier from Bangladesh [12] and elsewhere [11, 16] . Mamun et al. [12] examined the patterns of maternal complications during different stages of gestation and their association with perinatal deaths using data from a community based clinical trial. After adjusting for potential confounders, the study documented that perinatal mortality was 2.7 times higher (95% CI 1.5-4.9) among women who had hypertension during pregnancy and 5.0 times higher (95% CI 2.3-10.8) among those who had experienced antepartum hemorrhage [12] . Two facility based studies, one conducted in South Africa and the other in Northwest Ethiopia demonstrated higher risk of stillbirths with hypertension and antepartum hemorrhage [11, 16] . Allanson et al. reported [16] that APH was significantly more common in women who had stillbirths (16.3%) compared to the women who had early neonatal deaths (7.4%). Similarly more women who had stillbirths had reported hypertension (23.6%) compared to women who had early neonatal deaths (8.1%) [16] . Adane et al. conducted a study [11] in Northwest Ethiopia and reported that stillbirths were significantly associated with both APH (AOR 8.4, 95% CI 1.3-55.3) and hypertension (AOR 9.5, 95% CI 2.1-44.3) [11] . The prevalence of maternal complications in both South African and Ethiopian studies were higher than our study likely due to differences in setting and populations studied.
The World Health Organization conducted a large facility based cross-sectional survey on maternal and newborn health in 29 countries in Asia, Africa, Latin America, and the Middle East and reported on perinatal indicators and risks of perinatal deaths in the presence of hemorrhage, infections, hypertensive disorders and other maternal complications [7] . Since this was a facility based survey, more detailed information on maternal complications were available and therefore, the results are not directly comparable to our study findings. The study reported that vast majority of perinatal deaths in participating facilities occurred in the presence of a maternal complication and concluded that understanding these relationships are critical in settings where maternal complications are often common, under-diagnosed, and/ or under-treated and where perinatal mortality rates are high [7] . All three Poisson regression models are adjusted for maternal age, parity, and household wealth APH, antepartum hemorrhage, PIH, pregnancy induced hypertension, PAFs were estimated only for maternal complications found to be significantly associated at p < 0.05 with specific outcomes in Poisson regression analyses, IRR, incidence rate ratio, PAF, population attributable fraction
Our study has several limitations. We recognize that the data is somewhat old, however, health indicators in our study division (Sylhet) of Bangladesh did not change much in the last decade suggesting that our data and findings are still relevant. According to Bangladesh demographic and health survey (BDHS) 2007, perinatal mortality rate (PMR) in our study area was 69 per 1000 live births. PMR was 63 per 1000 live births according to BDHS 2014. Early neonatal mortality rate did not change (22/1,000 live birth in BDHS 2007 vs 23/1,000 live birth in BDHS 2014) [30, 31] . The cross sectional study design has its inherent limitations to imply causality. However, the strength of the study is population-based data and large sample size. The data were collected retrospectively, however we feel that recall bias was not a major issue as the recall period was short. Nonetheless, it is possible that mothers who experienced perinatal deaths were more likely to recall antepartum complications compared to mothers who did not experience a complication (selective recall).
Our data on antepartum complications are selfreported by the mothers and this raises concern regarding potential misclassification of the reported complications. Our prevalence estimates for probable PIH and probable infection were higher than those reported in the literature based on clinical examinations [32] . Clinical measures of complications are difficult to obtain outside health facilities, and our survey was conducted in a population where most women delivered at home and only few sought care from health facilities for antepartum complications. We acknowledge that the reported antepartum complications in our study was likely to be an over-estimate compared to the rate from other studies conducted in hospital/health care settings. However, we restricted our assessment of antepartum complications to only three conditions that have specific clinical signs that are easily recognizable by women and make these maternal conditions highly probable. We had information on a limited number of potential confounders of the relationships of interest in this study, and this may have led to an overestimation of the risk of perinatal deaths associated with antepartum complications and corresponding PAF. For example, we did not examine key maternal conditions known to increase the risk of stillbirths and early neonatal deaths including malnutrition, history of smoking, and diabetes. Misclassification of early neonatal deaths as stillbirths may be of concern as babies who die immediately after birth might have been reported as stillbirths irrespective of the place of delivery. To alleviate this problem, we measured the risks of the three maternal complications of interest and PAF for the composite indicator of perinatal mortality in addition to examining stillbirths and early neonatal deaths separately.
Conclusions
The burden of antepartum complications in our population was high and since these conditions were shown to significantly increase the risk of perinatal mortality, their prevention and management in a timely manner are crucial to reducing perinatal mortality in Bangladesh and in similar settings. The utilization of antenatal care and facility delivery rate, which is a proxy for managent of antenatal complicatons were low and remained low in the study areas [33] . An integrated community and facility based interventions to increase utilization of ANC; timely recognition of antenatal complications and care seeking for managment of complications [6, 7] will be key strategies in reducing perinatal mortality in Bangladesh and similar settings. This will require creation of demand for these sevices including addressing barriers to access and improving avaialbility and quality of ANC and trained care for antenatal compliactions. Our study findings need to be replicated by future studies using objective measures of antepartum complications based on clinical examination and diagnosis. 
